The method of sequential analysis was used to investigate the effect of injection of anaesthetic drugs into an intravenous infusion line on the incidence of thrombophlebitis in the 48 hours following surgery. Analysis of the results failed to show that anaesthetic drugs increased the incidence of thrombophlebitis (P = 0.05), and further showed that they were not a causative factor (P=0.15).
venous thrombosis or phlebitis in up to 50% of patients receiving intravenous infusions for more than 12 hours. Also, the intravenous drugs used in anaesthesia are known to cause venous complications and the effect of individual anaesthetic induction agents on veins has been well documented. Figures quoted for local complications due to single injections of intravenous induction agents vary between 2070 for a 2.5 % solution of thiopentone to 11 % for a 5% solution of propanidid. 4 ,5,6,7 It would not be unreasonable to expect that the effect of anaesthetic drugs would be additive to the incidence of phlebitis or thrombosis due to the intravenous infusion itself, although it could be argued alternatively that dilution of the drugs would render their presence inconsequential.
In this study we have compared the incidence of thrombosis and thrombophlebitis in patients who had anaesthetic drugs injected through the infusion tubing with other patients in whom we temporarily inserted a separate scalp vein needle solely for the purpose of injecting these agents. Using a randomized, double-blind technique we paired patients receiving drugs by the alternate routes and subjected the results to analysis by the method of sequential analysis in order to compare the effects of the two modes of administration on the incidence of thrombosis and thrombophlebitis in the 48 hour period after surgery.
METHODS
Adult patients of either sex coming to either elective or emergency surgery were included in the study if they satisfied the following selection criteria: (i) they required an intravenous infusion during and after surgery, (ii) they were aged less than 70 years, (iii) they had no history of venous thrombosis or embolism, anaemia or other blood disorders including coagulation disorders, (iv) they had not used oral contraceptives nor had they been pregnant in the previous three months, (v) no antibiotics or drugs unrelated to anaesthesia were to be injected through the intravenous infusion line, l. BOON ET AL.
(vi) no anticoagulant drugs were used, except low-dose heparin therapy, and (vii) they did not have septicaemia or extensive infection. The patients were randomly allocated to one of two groups: (a) Drip Group -a 16G or 18G intravenous cannula (Jelco) was inserted into a forearm, wrist or hand vein, using intradermal procaine (2070) for local anaesthesia if required and an infusion of physiological saline or Hartmann's solution commenced. The infusion line was then used for induction of anaesthesia and for the administration of all intravenous anaesthetic drugs. The distance between the injection site and the cannula was not controlled but drugs were always administered while the drip was running. Dilution of the drugs prior to injection was not controlled except in the case of potassium chloride, which was administered at a concentration of 2-3 g/l in the infusion fluid. If insertion of the cannula was difficult and resulted in excessive traumatisation of the vein the patient was not included in the trial. In each case a Band-Aid was also applied to the skin of one hand as if to cover a puncture site. (b) Scalp Vein Needle Group -a 21G or 23G scalp vein needle (Ab bott-Butterfly) was inserted into a vein and used for injection of anaesthetic agents and the administration of all intravenous drugs during anaesthesia. An intravenous cannula, as described for the Drip Group, was inserted at another site and an infusion commenced through this. After recovery from the anaesthetic the scalp vein needle was removed and a Band Aid applied to the puncture site. On the first and second post-operative days the vein used for the intravenous infusion was examined by one of the authors (D.l.M.B.), who had no knowledge of the group to which the patient had been allocated. Reactions were recorded according to the following classification (after Thomas et al. ):2 I No reaction or a painless haematoma. The patient made no complaint. 11 Bruised, tender or swollen. The patient complained of minor pain, bruising or swelling with accompanying signs thereof, including those with swelling due to extravasation of intravenous fluid. III Thrombosis: a reaction of Type I or 11, accompanied by a slightly tender thrombus which did not run far beyond the end of the venous cannula and with sharply defined limits. IV Phlebitis: severe pain at the site of the cannula and for a variable distance along the vein with a red streak and slight oedema along the course of the vein. V Thrombophlebitis: as in Type IV but with associated fever, malaise or leucocytosis.
RESULTS
Patients with reactions of Type Ill, IV or V occurring within 48 hours were considered to have a positive result and those with Type I or 11 reaction to have a negative result. Pairs of patients receiving the alternate methods of drug injection were formed as they occurred in the random sequence and results were plotted onto a standard chart for sequential analysis based on pair differences (Figure 1 ). An entry in the chart was made only if a difference in response between the two members of the pair occurred. If the positive result occurred in the patient who had the injection of drugs through the scalp vein needle a plot was made in the square above the previous one. If the positive result occurred in the patient who had received the drugs through the infusion line a plot was made to the right of the previous one. Plotting was continued until one of three boundaries was crossed. A crossing of the lower-right boundary would indicate, with a 5070 likelihood of error due to chance, that injection of anaesthetic drugs into the intravenous infusion line increases the incidence of thrombophlebitis. A crossing of the upper-left boundary would indicate that injection of anaesthetic drugs through an alternate site increases the chance of phlebitis at the infusion site. If the plot crosses the boundary and enters the central area, the site of injection of the anaesthetic drugs does not influence the incidence of phlebitis to any important degree, with a 14070 chance of an erroneous conclusion. 8 The total number of patients required until a significant result was obtained was 136, i.e. 68 pairs (Table 1 ). The plot then entered the central area of Figure 1 indicating a lack of association between phlebitis at the infusion site and the injection of anaesthetic drugs. Of the total of 68 patients who had the drugs (Table 11) . No significant increase in the incidence of phlebitis was associated with infusions in the forearm as opposed to the wrist or hand, with the transfusion of blood or with the use of intravenous pethidine. No association was noted between the incidence of reaction and the drugs injected into the infusion line (Table Ill) . Potassium chloride was associated with the greatest increase in reaction rate, but this was not found to be significant at the P = 0.05 level.
No other infusion fluid appeared to be associated with an increase in the complication rate, the rates of positive response being: blood -13 subjects (38070), colloid plus crystalloid-12 subjects (50070) and crystalloid -111 subjects (34070) . No association between the incidence of the reactions and the time the cannula was removed after the surgery was noted with 59 removed before the second day visit (32070 reaction) and 77 removed after the second day visit (39070 reaction). Low dose heparin was administered to eight patients and three (38070) of these had a reaction. 
DISCUSSION
The technique of sequential analysis proved to be of great value both in providing an end point in a reasonable time, and in providing a negative answer of statistical significance.
Other techniques, such as those based on Chisquared distributions or binomial distributions involve rejection of the "null hypothesis" to demonstrate a difference between two populations at a chosen level of significance. If the data is gathered, however, and it is not possible to reject the "null hypothesis" the experimenter is left with two possibilities, first, that there is no difference between the two populations from which the samples have been drawn or secondly, that insufficient samples have been taken.9 If there is, in fact, no difference between the two populations this will only be established if all members of the defined populations have been studied.
The sequential analysis technique overcomes the uncertainty where a difference cannot be demonstrated, by defining an end point for non-difference. lO The level of significance for non-difference in the chart used in this study is 0.14, and represents a compromise in the design. Bross8 in his paper on this subject stated that it is possible to design a chart which identifies non-difference between groups to greater level of significance than 0.14, but such charts do not appear to have been published.
The results of the study, while demonstrating that anaesthetic agents do not further increase the already high incidence of thrombosis and thrombophlebitis associated with intravenous infusion, also suggest that the overall incidence of venous sequelae is unrelated to the infusion fluid used. Potassium chloride was the only substance which appeared to increase the complication rate above that of the group as a whole, but no effect could be inferred from this particular study. This is probably due to experimental design, and the results of Thomas et al. 2 suggest that potassium chloride does cause an increased morbidity. The lack of a demonstrable difference between infusions into veins in the hand, wrist or forearm is in Anaesthesia and Intensive Care, Vol. IX, No. 1, February, 1981 agreement with the results of Thomas et al. 7 Our conclusion from this study is that the injection of anaesthetic agents into an intravenous line does not result in an increased incidence of local thrombosis or phlebitis in the 48 hour period after surgery. The incidence of venous complications is high and appears to have little relationship to the nature of the fluid administered. The anesthetic drugs probably cause little chemical irritation once diluted in the infusion fluid and any effect th~y might have is not detectable due to the high incidence of thrombophlebitis in all intravenous infusions.
